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(57) Abstract: A fuel delivery system for an engine is disclosed which includes an injector (20) and a housing (3) for supporting a 
£2 Rector (20? A regulat^(202, 313) is provided for regulating the pressure of fluid in the housing to mainfcnn the pressure , * 
M^ypLar^ and the pressure downstream of the regulator at a low pressure so that fuel which passes the regulator! aUe 
O revapomte The evaporated fuel is supplied to a heater (250) to heat the fuel, and the vapour is supphed to a vapoui -injector (260) 
5 tS^iZttm engine. The passage of the liquid petnoleum gas fuel thnough the housing (3) cools the injector (20) to maintain 
^ the fuel in a liquid state, and therefore prevent boiling of the vapour within the injector. 
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■pTTTT tMgT.TVBRY SYSTEM 



of the BSBS^S system ana , in 



diesel fuel to a diesel engine 
Background Art 



10 



15 



20 



ZT cctpendlng international plication Ho. 
^03/00453 disclose, a fuel delivery system of the 
ECT/WJ „ hiah successfully enables a dressl 

above-mentioned type, » p . tro leum 

W lne to ran on both ^J^^ appllcatio n is 
gas . The contents of thrs re£or ence. 
incorporated into this specrf rcatron by t 

"! T^Tesen t inv-tion is to provide further 
*" ""ZZTSZZ delivery system to further 
improvements to the ru aecrease emissions, 

increase fuel economy and also to decree 

«. i„«ntion may he said to reside in a fuel delivery 

— ^r^^TZ: receive liquid a as and 
fe r eiect^ l^id 9 as in liquid form to the cyl-ders of 

" """"'mean, for prevents vaporisation « ^ - 
the liquid 9 as in the liquid Rector so the lr«~d 9 as 

*" ^ a bleed injector for delivering the collects 
li«uid 9 as' vapour to the cylinder of the engine. 

* hoth the lliuid injector and the bleed injector 
5 r driver Z liquid form and liquid .a. in 

vtpo^c "orm to the engine allows both injectors to be 
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, ■ *a « a s is delivered only when the 
operated so M the ^ ch „ valve 

inl et -^^-^ Lreby reduce Me™-™, 
of that cylinder xs dos . y q£ 

o£ f M l ana — ^ tha How-through of 
vapour 1. controlled xn thxs » actua lly 

- -7 rrtr::^, XrC ^ 

used as fuel xn the ««x ^ otherwise be 

decreasing unwanted emxssxons the engijie or 

created if the vapour si TO ly blow. ^ tlmlng 

— ^orr^xTto^r^. 
r.r~ r:t^ s-r r: --r 

— Ti«,,4ri eras in vapour form xs suppj-j.^ 

£or ° -* lM ?te of tne cylinder is open and tbe exhaust 
the inlet valve of tne cyi« 

valve of the cylinder is closed. 

. ,„ Aes liquid gas supply means for 
Preferably the system includes nqui« s . . 
flying li^a gas for ejection^ = . the xn^, t^ 

collection means ^^^^^ the Rector 
bubbled or vaporxsed lxcnxxd gas xs ted vapour 

being located in the chamber so that the colle 
; facilitates cooling of the ^^J^ J ^ ble ed 
line for supplying vapour from the cnamo 



injector. 



30 



35 



. • fc ^ « e fi i ze d and the injection 
Preferably the bleed in D ector xs sxzed an 

14 . to bleed injector are of such a xeng 

pulses applxed to the dx which 
te control the amount of Ixquxd gas xn vap 
is delivered from the bleed injector to the cylx 
the engine. 

Preferably a bleed gas heater ^^1^^ 
vapour before the vapour is 3 u P pli S d to the b 
to ensure that the liquid gas supplxed to the 
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injector is supplied in vapour form for ejection by the 
bleed injector* 

Preferably the bleed ga. heater compri.ee a beater housing 
5 for receiving heated fluid, and e bleed line passing 

through the beater bousing for delivering the vapour to 
the bleed injector. 

The heated fluid may comprise engine cooling water. 

nfher heated fluid could be used, such as exhaust 
10 However, other neatea J-- 1 ^ 

gases • 

in the preferred embodiment of the invention the 
controller comprises the engine control unit of the en^ne 
«bicb produces injection pulse, for delivery to both the 
liquid injector and the bleed injector in accordance wxth 
engine operating conditions. 

Th e pulse supplied to the bleed injector may, depending on 
t he size of the injector, be the same width as the pulse 
supplied to the liguid injector, or could be a different 
w idth depending on the size of the bleed injector. 

Preferably the collecting means comprises cooling means 
for cooling the liguid injector to prevent bubbling or 
vaporisation of the liguid gas when in the injector. 

Preferably the cooling means includes a housing in which 
the injector is supported, an inlet in the housing for 
receiving bubbled liguid gas, and for enabling the bubbled 
liq uid gas to surround the injector in the housxng to cool 
the injector to thereby maintain the liquid gas xn the 
injector in a liguid state, outlet means from the housxng 
for supplying vapour from the housing to the bleed 
35 injector. 

• Preferably the bleed gas heater is arranged between the 
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outlet means from the housing and the bleed injector. 

Preferably the bousing includes a pressure regulator for 
regulating the pressure of the vapour in the housxng. 

Preferably the pressure regulator comprises a ^phragm a 
V alve element supported by the diaphragm for closxng the 
Inlet, and biasing means for biasing the diaphragm and the 
valve element towards a closed position, so that when 
pressure builds up within the housing, the dxaphragm xs 
forced against the bias of the hiasing means to move the 
valve element into a closed position, and when pressure 
reduces in the housing, the biasing means biases ^ 
diaphragm to move the valve element to open the xnlet. 

The invention also provides a fuel delivery system for 
delivering liquid gas to a cylinder of an engxne, 

comprising: 

a housing; 

a chamber in the housing for receiving an 
injector which includes a lower opening for enabling 
liquid gas to be supplied to the injector for e 3 ectxon 

from the injector; 

a liquid gas inlet communicating with a lower 
5 portion of the chamber for introducing liquid gas into the 
chamber adjacent the lower portion of the injector when 
the injector is installed in the chamber; 

outlet from the chamber arranged in an upper 



an 
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35 



portion of the chamber; and 

a pressure regulator for regulating the pressure 

of the vapour within the chamber. 

According to this invention, the liquid fuel is able to 
Tnler the chamber from a lower portion of the chamber and 
flow into the inlet opening of the injector Any fuel 
which converts to a bubble or vapour state is able to flow 
around the injector towards an upper portion of the 



^^TT/AXJ2003/000971 
WO 2004/018862 ^ 



- 5 - 



10 



chafer and exit through the upper outlet from the 
er ^ regulator can therefore maintain the 

1 within chamber at about the tank pressure of 

pressure within the , Q but down stream 

the fuel which is supplied to the injector, ° 

i i-o^ the pressure can be greatly reduced to, 
of the regulator, the press.- 

L a coXd state, and also the injector in a cold state so 
1 formation of bubbles or vapour mithin the bousi« ~ 
minimised so liquid petrols gas is present for delivery 
to the injector and for ejection from the sector. 

Preferably the housing is in the for. of a bloc* and the 
chamber comprises a bore in the block. 

Pr . £ .rably the pressure regulator regulates the pressure 
"thin the chamber so as to maintain the pressure wxthan 
CtbambL at about the pressure of supply of the Irguxd 
, Z fro. a supply tans, and the pressure *°™~L7 
pressure regulator at a relatively lew pressure compared 
to the pressure in the injector chamber. 

Preferably the pressure regulator ha. an outlet 

. ..^.ifl „ as i n the block in a liquid 
the maintenance of liquid gas m t« 



state . 
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35 



Preferably the inlet comprises an inlet passage through 
tie blocs' the inlet passage having a filter cavxty for 
> fil~ - the li^id gas passes through the 
filter before delivery to the chamber. 

Preferably the pressure regulator comprises: 
a seat; 

a seal for seating on the seat; 
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a puto. for moving the s«l to sit on the ..at, 
a first regulator chamber having a first 

r:!: - — having .- 

aiaphragm having a second area g reater than the first 

a communication passage tor communicating the 
first chancer with the second chafer, end 

wherein when the pressure in the injec 
- -= a -redetermined amount, the seal is forced 
increases to a bubble mimture can enter 

away from the seat so chirtb . r throu!Jn 

- — : ^ b r: £ t -a — 

•„ eh. first and second chambers reeches e 
pressure in f<jrea . th . secon d diaphragm is 

predetermxned 1«™^ tbe aiaphra8 m. thereby 

°"?Z T* Z second diaphragms to move to force 
thereby regulate the pressure xn the xwector 

Preferably the first diaphragm is sandwiched between the 
! JL a retainer, the retainer and piston havxng a 
VTloT^JJZ a screw, the second diaphragm being 
hole for retainer opposite the first 

i provided on a side of the r comprising a bore 

dianhragm, and the communication passage 
ZZ» ^ Piston and a bore through the screw. 

In a second embodiment, the pressure regulator comprises, 

t "Car having a head, the head being looatable 

of the chamber; diaphragm so as to 

biasing means for bxasxng ^ 
35 ^ %. =,* <„ awav from the seat; and 

s. a.v« .lnnoer so the head xs away 
push the plunger so x: . in injector 

wherein when pressure buxlds up xn 
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cha *ber; the P-s.ure within the injector <=^« ^ 
^tor chafer force, the diaphragm away from the 
plunger against the bias of the hissing means so the 
plunger can be moved so the head seats on th. seat. 

5 preferably the outlet co-«ni=ates with the regulator 
ch amb.r for bleeding vapour and bubble mature ~ the 
cLaber out of th. regulator chamber, so that 
~T sure in th e regulator cheaper decreases, the bxasxng 

L0 Tan. bias., th. plung.r away from th. seat so the vapour 
and bubble «i«ur. in th. injector chamber can agaxn eater 
^ regulator chamber to force th. diaphragm away fro- th. 
Plung.rso the plunger can close to shut off th. chamber 
^thereby regulate the pressure within tb. in,ector 

15 chamber. 

Preferably the diaphragm includes a boss for engaging th. 
plunger . 

20 Preferably the biasing means comprises a spring and the 
spring is connected to a screw threaded stem so that the 
Zs supplied by the spring can be adjusted by screw 
thread adjustment of the screw threaded stem. 



25 



30 



in th. preferred embodiment of the invention, the J""*" 
regulator regulates tb. pr.ssur. of th. vapor wxthxn the 
JLer and also downstream of the regulator -°£££> 
pressure within th. chamber is maintained at a relatively 
high pressure, and the pleasure downstream of th. 
relator is at a relatively low pressure so that vapor 
and bubble mixture which enters th. low pressure 
Cviroument on the downstream sid. of the —later can 
„aporis. for delivery to the engine by a vapor bleed 



injector. 



35 



ttr- laf Descrj ration of the Drawings ^ amt> i e 
I preferred embodiment will be described by way of example 
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with reference to the accompanying drawings, in which: 

Figure 1 is a schematic diagram of the preferred 

embodiment of the invention; _ , 

Figure 2 is a detailed view of the preferred 

c embodiment of the invention; 

Figure 3 is a top cross-sectional view sho^ng 
£ our iniection devices correctly aliped with the inlet 
ports of th. cylinder haad and attached to the rnlet^ 
.anifold according to th. preferred embedment of the 

10 invention; t-v 10T - 

Figure 4 is a perspective view of another 

embodiment of the invention; 

Figure 5 is a cross- sectional vxew of the 

embodiment of Figure 4; and . . he _ 

15 Figure 6 is a cross-sectional vxew of a further 

embodiment of the invention. 

rigtion o f thg Preferred Embodiment 

iS2 1 r~ i licmid petroleum gas tank 12 

With reference to Fxgure 1 Ixquxd p 

20 supplies liquid Petroleum gas via tank lock 14 to 

line 16 and onto inline filter 4, the filtered lx*uxd 
Petroleum gas is then conveyed through service Ixne 37 to 
aistribution block 38. From the distribution block 38 the 
liquefied petroleum gas liquid flows through xnsulated 

2 5 denary lines 39 to injector housings 3 (shown in more 
detail in Figures 2 and 3) . 

„ith reference to Figure 2 th. liquefied petroleum gas 
"rem lines 39 enter respective weir T pieces 8 of each 
30 housing 3. The liguefied petroleum ~ 

towards stop valve 9 which is controlled by stop ^™ 
eXnoid 9. Stop valve solenoid 9 is open when en.rgx.ed 
by ECU 70 on circuit line 127. 

35 when stop valve 9 is open liguefied petroleun g« liquid 
and vapo ur bubbles flow through stop valve 9 with the 
"Ud dropping via gravity to injector inlet 201 and the 
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bubbles rise to converter inlet 11. 

«. Ficmre 2, tbe injector bousing 3 

as is apparent from Figure -» 

^ * 20 and also acts to draw away the 

3 also provides cooling of the injector 20 so as to 
Lintain the fuel in the injector 20 in the Ixguxd state 
and thereby prevents the fuel from converting xnto 
boiling or bubble Stat. whil. in th. in 3 ector 20. 

With liquid at injector inlet 201 ana a pulse width 
.uPPlieTfro ECO ,0 to injector 20 the 
petrols gas travels through the injector 20 and is 
ejected into manifold 32 (see Figure 3), with th. spray 
5 directed toward, inlet port 29 (see Figure 3) . The 

Section of the liquefied petroleum gas is timed by the 
„ 70 such that the pulse occurs after the closing of 
Z2* valve 133 (see Figure 3, and before th. closxng of 
valve 132 (see Figure 3). such that the downward 
,0 action of Piston 131 (see Figure 3, can draw into engxne 
" .tl of th. liquefied petroleum gas ejected wrth no 
blow-by passsd exhaust valve 133. 

as the liguef ied petrols gas drops over weir T piece 8 
25 for supplTof liguefied petroleum gas to injector rnlet 

201 Ly vapour bubbles present or formed rise to converter 

"Hi for pressure reduction in chamber 203 witbxn t*. 
housing 3! The housing 3 has a cap portion 203a whxch xs 
cIoseTby a diaphragm 202. The diaphragm 202 forms one 
30 walllf the chamber 203 and the diaphragm 203 is erased 
Um^dly of the chamber 203 by a spring 205. The 

202 carries a lever 20* which connects to a flat 
«lv. 207 which seals the inlet 11, dependent upon the 
pressure in the chamber 203. As is apparent from Fxgure 
, 5 2 the injector 20 is mounted in th. chamber 203 and has 
" an xnL^Ol supported on a flat 2S1 and its mid-port- 
To. sealed in wall structure 252 and 253 of the chamber 
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203. The outlet end of the Rector 20 i. sealed in bore 
256 in the chamber 3 which is exposed to the inlet 
manifold 32 of the engine E. 

The liquefied gas supplied through the weir T piece tto 
Z. inlet 11 is at a significantly higher pressnre than 
the Verier of the chafer 203, which pushes the ral^ 
Z open against the di.phr.gn 202 and hiases the spring 
205 so thst hubbies and vapour which occur in the liquid 
IZ' supplied to the inlet 201 will rise and flow into the 
I^et 11 and into the chamber 203. The reduced pressure 
Tthtn the chamber 203 allows the bubbles to colics, and 

. , the chamber 203, to turn to 

t.t4i-h anv liquid which enters cue v -" c ""~ 

CaHheX cooling 

is maintained in a liquid state because of the cold state 
: £ the sector 20, ^ does not convert to vapou, ^an the 
injector 20, which would inpair operation of 
™Ld prev^t proper ejection of fuel from the Rector 
20. Should the pressure in the chamber 203 rise to a 
pressure above the liquid petroleum gas at the inlet 11, 

1 » \ M <m 202 is pushed upwardly in Figure 2 against 
the diaphragm 202 is ru™ " , 06 to 

the bias of the spring 205, which causes the lever 206 
close the flat valve 20, against the ^""^203 
further entry of bubbles and vapour into the housing 203 
until the pressure in the housing 203 has decreased by 
Z~.s of liquid petroleum gas from the housing 203 via 

u*z a... »».. «- — pressure 

in chamber 203 ha. a cooling effect on the housing 
3 and injector 20. 

The liquefied gas in the bousing 203, which can be in a 
^pour or liquid state, lesve. the housing 203 through 

conduit 240. The conduit 2.0 P through a bleed gas 

heater 2S0. The bleed gas heater 250 has an inlet 251. 
H In outlet 252a which can be connected in an engine 
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„ «o tliat engine cooling water which 
cooling water conduit so that eng ^ the heater 

is at a -T^^r^ « ^, - Particular, 

250 t0 SU f 1Y a f h conduit 240 which is inside the 
he at to the part of ^ ^ paggeS through the 

h eater 250. Thus any j" ^ * converts to a vapour 

conduit 240 is heated and theref ° r * conduit 240 

•* already in a vapour state. Tne cona 

Stat, if not or 260 ^ is aosignaa to 

is conn.ot«d to a blood !«• lnJe ctor 260 inj.ets 

* r-at-lier than liquid, ana tne xnj^ 

eject gas rather tna * is shown in Figure 

4 t-he inlet manifold. 3<s# as « 
vapour into the mi^ n d b tlie ECU 70 via 

- -^j^i-o-r 260 is controliea r>y 
9 The bleed injector ^ ou ^ 953 

2 * The pulses on the line 253, 

— rocoivoa « X- » . J-^ Buob ^ 

like the pulses on line 86, a 

^«to r ... i. aotuatad *- ^ ^ 

— r ^rj^r Ut. i. suppXioa to to. an,in. B 
petrol.™ 3 as - 7^/^^ £rom tb . iniootor 20. 
tog .th.r «tt to. Xiqoia 3^ contr oll.d in th. sam. 

ThUS ' :riUia -^000 th.r.fo« hlo„-t ta ou a n o« 

manner as the li<jui<l supp * greatly 

, ,apont ^^r./o'ar^or^ L puis.. 

° £ ^ ! "otoraoxy a«.ot.d and. at th. mm. 
sessions a*, not tho passaoo of lipoid 

5 tiM . th. ^J^^Luain, 203 and tho oonduit 

z rt^:i— - — *- - - ~ 



20. 

30 



35 



m . Heater 250 ensures that no li<iuid gas in the 
^ ^1:: -acnes the bleed injector 260, as this would 
^JTSJL. aue to the fuel density di^ence 
between liquid and gaseous li^id petroleum gas. 

*he heat supplied hy the ^ *- 
preferably sufficient to ensure that the temp 
well above the liquid petroleum gas vaporisation 
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relatively stable. 

Fi3 ure. 2 and 3 «l.o .how di.s.1 injector 171 for 

„..„„ aiesel fuel to the cylinder of the engine E 
«" t r y Tith the supply of li^ia Petroled .a. via 
t™.ctor 20 and the Rector 260. Thus, ** supplying 
fuel in the form of li<juid petroleum »as from the 
Sector. 20 and 260, the amount of diesel fuel whxeh rs 
retired can he reduced, th~eby increasing fuel econo^ 
IZZ* to situations which would occur when only dresel 

£ uel is supplied via "a- — > " 

Furtherstill, by ensuring that the xxqu a 
bubbled off in the housing 203 and used to cool the 
Lector 20 is again delivered to the engine xn the form 
of vapour d uring the cycle of the engine when the exhaust 
^ive 133 is closed and the inlet valve 132 xs open, 
ensures that that fuel is efficiently used 
increasing power, which means that not so much 
pressure is retired, thereby further reducxng fuel. 
Let that the fuel is supplied in this manner also 
prevents blow-through, which would not only waste the 
fuel, but also may well increase emissions to an 
undesirable level. 

Pioure 4 shows a second embodiment of the invention in 
> * - embodiment of Figures 

which the injector housxng 3 of the emooaxm 

1 and 2 has been modified. 

„ shown in Figure 4, the housing 3 is in the form of a 
0 "oc* 300 formed from metal such as aluminium. The bloc* 
300 ha. an Ipg inlet 301 which passes fro. upper surface 
302 of the Hoc* to injector chamber 310 The rnlet 301 

*>o ^^csnrrbed With 



302 o£ tne diouiw ^ — 

connects to the respective line 39 descried wrth 
reference to Figures 1 to 3. The inlet 301 rs 
35 a here 360 which extends from surface 302 xn a posrtion 
«- ««* *~ helow lower surac 303 The n 
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bore 304 joins with a second transverse bore 305 which in 

Z Js a third transverse bore 306. The transverse 
turn D oxns a thxra c ^ which a 

bore 306 communicates wxth a fxlter c*v * 
bore auo . 307 is formed by a 

filter 308 is located. The cavxty *vi 

sector ct-ber 310 1. also formed in 1- bio* 300 
!Ta large diemeter bore which la mede through the face 
^ 9 Z inlet 301 has an inlet bore 311 
309. xne cavity 307 into a lower 

from an upper portxon ot the ; cav y ^ 



Large <ax , 311 w hich extends 

309 The inlet 301 has an xnlet bore 311 wnx 

the cavity 307 into a lower 
10 from an upper portxon of the _ cav y in . ector cnambe r 

. _ -i^-i^^ romilator 313. AIie 



of ch^er 310 to ^ nsr^i-T: «». 
Ti^tTorrLr^hTo . * — »« which 

5 outlet here 31S whxc 3 laby rinth passage 310 

described with relerence to Figures 1 to 3. 

,0 ,he various parts of the inlet passage 301 end th« . ~tl~ 
massage 314 are formed by drilling bores xn the block and 
the bores where necessary by dowels ^t shown 

or by forming th. - - ^7^^ "3. * 
and then closxng the surface »«■ 
25 cover plat, (not shown, may also be used to close Jb-f- 
309 to securely locate the filter 308 wxthxn the fxlter 
cavity 307 and the injector 20 within the chamber 310. 

s 1. a cross-sectionel view through the block 303 
"reel partTf the inlet passage 306 and outlet passage 
30 Z £1 for ease of illustration. - can he best seen 

315 snown delivered through the 

in Figure 5, liquid petroleum gas xs The 
inlet bore 306 into the interxor of the fllt ~ 3 ° 
iKjuid petroleum gas is under high pressure and ****** 
lx<juxd P thr ough inlet bore 311 xnto 

35 through the fxlter ^ . 310 and is 

chamber 310. Injector 20 is located xn chamber 310 
1 commercially available injector which includes a 
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orifices 330 are ™* ^ ^ liqtti d petroleum 

' gas convert, to vapour state or 

vicinity o£ the inlet bore 311 and chamber 310 will 
vicinity or , . t 20 towards the upper 

generally flow around tbe iMector <=" 

« of tbe chamber 310 and into outlet bore 312. Tbe 
otor To Ts provided witb a gause covering 323 about 
0 injector 20 is provi ,,4.,».. in movement of the 

n,. orifices 330 which also facilitates in moveme 
the orifices of the injector 20 and not 

^Xes around the £uel ^ ^.rs the 

in to the orifices 330. fQr and 

L5 r ~P^ o Thu^s which W be form and which ™ 

ls «*. sector 

sector 20. The outlet bore 312 «— "£T ^ 
313 to maintain pressure within the cnamo 
regulator '"^ ^ tne chambe r 310 and bore 312 

However, as the V™**™* fco enable the liquid 

20 increase, the regulate, 313 ^ ^ ^ 

petroleum gas in vaP-r 3 15, and then through 

the regulator 313 to w" " the 
the labyrinth 316 to outlet passage 317 and then to 
^Iter 250 for supply to the engine in -pour state, a. 
25 piously described with reference to figures 1 to 3. 

». regulator 313 therefore serves to maintain a high 

1= the chamber 310 which connects back 
pressure regions the c ^ the regulator 

through inlet bore 301 to oba mber 310 as close 

30 313 maintains the pressure within the ch ates 
to supply tank pressure as is possible. This 
mtint^nance of the liguld petroleum gas primarily in a 
^IHtate for injection by the injector 20. This. 
toTether with the cooling of the block 300 by the passage 
35 li^id Petroleum gas through the ^ "\- the 

3 ^ttet 314. serve to minimise boiling of the "-id 
Uroleum gas in the block 300 so the flow of liquid 
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a to the injector 20 and its ejection from the 
petroleum gas to the xn5e as noted above, any 

sector 20 is not impair ed ; - - ^ ^ ^ ^ 

bub hles or --^;: r C o ^ t J inj ector 2 0 to passage 
petroleum gas wxll f low a thlis 

vaporxsatxon wxll ope 

Tapor ^ huhhle- - plater 3X3 ... * 

10 close. 

™, the downstream side of the regulator 313 
■the pressure on the downs cha moer 310, end the 

i. considered less ^ pressure environment 

relator 313 also J£^f^ p . troleU m g as 

. vaporise oecause of the relatively ^"^^ 313 

compared , to the *««~" petrole „m „as throuah the 

20 "'^."m ^i-ion -llite.es coolin, of the 
^ as is noted ^T», 
petroleum gas on the upstream sxde of the gu 
primarily in the liquid state. 

" lain ed with reference to Figures 1 to 3, the vapor 

As explained wxth r conduit 240 and any 

is supplied to heater 50 throug 

. liguid petroieum -at supplied to 

state will be vaporxsed because t 
30 the liguid petroleum gas* the heater^ ^ ^ 

petroleum gas xn the vapor sc 
Led injector 260 for introductxon xnto the 
manifold of the engine B. 
35 As shown in Pi^ure S. the rector 313 comprie-a ^plate 
3.0 which is forced with a res.. 341. ^ ^ ^ 

provided with a peripheral ram 342 wn 
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^ seal 343 .it. on the seat 342. ». Plate 340 1. 
provided wit* a shallow groove 344 about the recess 341 
I piston 343 is arranged above and connected to the seal 
3« and has a screw threaded hole 34*. rhe pxston 345 xs 
5 provided with a passage 347 which cc^unicates the recess 
341 with the hole 346. 

K ciaphragm 348 is arranged in the shallow groove ^45 and 
is held in place by a ring 351 which is L-shaped x» cross 
10 section, /retainer 352 is provided within the rrng 351 
~" and ha. a central hole 353. A second diaphragm 381 xs 
provided on top of the retainer 352 and is sandwxched 
£tween shoulder 385 ox cover cap 363. and the «pp~ 
periphery 386 of the L-shaped ring 351. The dxaphragm 383 
perxpnery •> screw 354 passes 

15 is provided with a central hole 387 . As 

through the 387 in diaphragm 383 and central hole 353 xn 
the diaphragm 348 and screw threads into the screw 
beaded hole 346 of the piston 345. The ~~ 
provided with a head 355 and the diaphragm 348 xs securely 
2 „ 'aandwiched between the piston 345 -d the ^ «• ^ 
and base 391 of ring 351 and groove 315 . The sc 
provided with a central bore 359. 

^ diaphragms 348 and 383 divide the regulator 313 intoa 
2S txrst regulator chamber part 360 which is basxcally formed 
by the recess 341 below diaphragm 348, and a second 
cLb.r part 362 which is formed between the dxaphragm 383 
and a cover cap 363. 

* fWe cross -sectional area 
30 AS is apparent from Fxgure 5 the cro ^ 
presented by the seal 343 and dxaphragm 348 to tb 
310 is small (end shown by the arrow X in Fxgure » 
compared to the cross-sectional area of the 
in L. second chaster part 362 (and which is represented 
35 by the double-headed arrow 1 in Figure 5) . 

Wben pressure in the chamber 310 builds up, the seal 3*3 
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„_ t 342 and vapour and bubble 
it £ or=ed upwardly o« seat 342^ ^ Mov^t =f 

the seal . ton 344 upwardly and 

seal 343 upwardly, wbxch moves piston 
t leL diaphra,*. 348 upwardly. This in™ 
retainer 353 upwardly which flexes "3 
\»rdlv Thus, as noted above, the pressure xn the 
T^ilO^. able to bleed through the passed 312 over 

:rr.it r./and ^ - — ~, 

su rrounds the piston 344 ^^^d tLou.h 
£lw t brou,h " -» n / o secona ^ part 

^ res^ rlhe first chafer part 3,0 and the 
"esenre in the chamber part 362 will be the sas». but 

surface area presencea y 

— thowi rarr.i.Tdownw::: 1 ^. win ~ 

ml'i— ~ - rfL' "aT^ Tald 
force on the underside of the seal i<» 

ZZZrZ^l the chamber 310. Thus, the retainer 

7*2 the .=r.w 3S4 and the piston 34S will be pushed 

inwardly to relocate the seal 343 on the seat 342. 

5 The pressure at which the seal 343 is closed can be 
' Tlected by selecting the sire or the surfa- . area of the 
. ^ _ ^ as shown by arrow Y compared to the size 

Tal 343 is closed when a predetermined pressure rs 
0 provided to the chamber 341 and the chamber 362. 

, closes on the seat 342, the chambers 341 

r ,T r shuforr Ires. the high — environment in 
- chamber 31^ -ause ^ ^ ^'sTany 
35 environment, the vapor and h vapo rise 
which may have passed the seal 343 is able 
and pass out through outlet bore 315 to the heater 
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. . 0 . the downstream side of the 

previously explained. Thus, presS ure 

i „ 01 o i s maintained at tne relatives 
regular 313 is max bubb ies and vapor present 

environment to ensure that the b leaving a 

4« the chamber 310 do escape past tne reguj. 

^ia in the — « "o fo, ^™ - 

Xtor 20. *he low Pressure ^ 

petroled, gas reaches the heater 250. 

_j vnifcla mixture which is present in the 
* vapour and bubble mix ^ through the 

chamber parts 360 ana 362 a ^ 
outlet here 315 when the s eal 34 3 rs clos^ V ^ 

- *- £ ;" t "r. Tlfis resfrictea so that when 

- :r r~ r~ - — rr^r 

- - r2 r^inTheTeoona 
bubble mixture completely »x«« 



bore 315. 



25 



30 



and the pressure ed £ rom ^ 

threshold pressure, the seal 343 is aga 

! ^2 so the vapour and bubble mixture can flow into 
seat 342 so the vap -hint the outlet bore 

the regulator chamber part 360. Whilst 
315 is always open to the first chamber 341, the flow 
taPOur and bubble mixture into the chamber 3 1 and 362 
"reater than what exits through the passage 315 so the 
flow into the chamber part 341 causes the build up of 
pressure in the chamber 360 and 362 to operate the 
regulator in the manner described above. 

„ pr-ioesi, — ~ ~ rsizz^rz 

the labyrinth passage 316 which is previa 
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_ , ^natively large surface area, so the 

ZZ* 300. as does the flow of liguld petroleum gas xnto 
^T^et ». The flow of U»U Pe^ol^m gas and 
,t „ M . fixture through the block 300 cools the 
' ;t^T rto ^Ise the amount of Ration of liguid 
bloc* 3 uu ia petroleum gas 

SThe^r^ - cools the Rector so liguid 
arw " . . _ i ^ rm id state within trie 

petroleum gas will remain in the liquid st 

° —r ^r^^rrte^r^r 

petroleum gas in t*^ vw converted to the fully 

through the bleed injector 260. 

15 Fi g«e S shows another embodiment^ » ^* TSZn 
n«4-«^ ^13 is mounted on the siae oz 

rurrLS - be ^ ----- — 

mahes coolisg of the ^ "^^^V"- - 
5(1 easier. In this embodiment, the fxlter <=» * 

Sector chafer 310 are bored at ri 8 ht angl es wxth 

— v,~v iri the block 300 and slightly 
et tc .on. ^another oommffiicates wl th the 

overlap, so the caviuy 4 n <eetor 20 in 

chaster 310. The chamber 310 mounts the ejector 
25 the same manner as previously described and 

overlaps outlet bore 313 which leads to the relator 313. 

„ tor 313 comprises a first plate 100 and a secosd 
The regulator 313 compri ^ 

Plat. 401 which clamp a dxaphragm^ ™«J gtm 
» -JT ^ r between the stem 

To 5 . 1, the diaphragm .02. ^ diaphragm « 
boss 411 opposite the sprxng 407. and the 
the spring 407 can be adjusted by screwing the stem 
35 imto or out of the hole 404. 

The pla te 400 has an opening 414 and a valve plunger 416 
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ia looat ed in the opening 414. *he plunger 416 has a head 
417 and the opening 414 Carrie. O-rlag 418 against whxch 
tne head 417 can seal. 

The bias supplied by the spring 407 is to 
^come the pressure within the chamber 310. and 
eberefore maintain the plunger 416 in an open position rn 
Tioh the head 417 is aw from the O-ring 418 which for™ 
a seat for the head 417. Vapour an# bubble mixture is 
therefore able to bleed from the chamber 310 through the 
™^ino 414 and into regulator chamber 421. as the 

~e in the chamber 431 incr the diaphragm 402 

is biased away fro- the plunger 416 so the plunger 416 can 
Z pushad by the pressure in the chamber 310 to close the 
21 417 against the seat 418. The bubble and vapour 
nixture within the chamber 421 exits it through outlet 
here 315 to the outlet 314 in the same « » <*» 

^.vlous embodiment for delivery into the bleed sector 

260. 

Thus, in this embodiment, the high pressure ^^J 1 
th. 310 is able to flow into the chamber 421 and 

when the pressure builds up in the chamber 421. the 
Xnger 416 is closed. This restores the low pressure 
; environment on the downstream side of the regulator and 
^intains a relatively high pressure environment wxthrn 
STcta—r 310. Thus, the vapor and bubble mixture m 
Z chamber 421 is able to convert to vapor state because 
of the low pressure environment, in the same manner as 
0 previously described, and be provided to the bleed 
injector 260 in the same manner as the prevxous 
embodiment . 

Tbus, in the preferred embodiments of the invention, the 
i5 regulator can regulate the pressure within the Rector 
chamber so as to maintain that pressure at about the 
pressure of the liguid petroleum gas which is supplied 
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fr om the liquid petroleum gas tank. The «> ressuI ^ 
doW astr.am of the relator can be redact "«= l£ "^ 
and tb. regulator therefore enable, tbat pressure to drop 
so tbe pressure Is low enough for liquid petroleum gas 
which passes through the regulator to completely 
borate. The ability to regulate and fix the pre.su re 
downstream of the regulator also fixes tbe ~ 
which evaporation happ«»s (ie., that is, it fixes the 
lefrigtration point of the liquid petroleum gas downstream 
of the regulator) . Tbe ability of the regulator to 
maintain the pressure downstream at a lower pressure than 
the pressure in tbe injection chasfcer results in a 
controlled pressure and flow over the vapor bleed 260 xn a 
given period of time (for example, the injector pulse 
width) . Furthermore, maintaining the pressure low 
lownsLeam of the regulator enables the bleed Rector 260 
t o operate satisfactorily because the pressure does not 
increase sufficiently high to prevent the valve within tbe 
Sector 260 from opening. Furthermore, the maintenance 

j„„mc.frfiam of the regulator also 
of tlie low pressure downstream or tne y 

Ibles manifold pressure to be supplied bach to the side 
of the diaphragm 402 opposite the opening 414 so as to 
balance the pressure within the regulator against manifold 
pressure of the engine if tbat is necessary or desirable. 

in the claims which follow and in the preceding 
description of the invention, except where tb. context 
require. otb»rwis. du. to express languag. or necessary 
ideation, tb. word "co^rise". or variations such as 
0 -cLprises" or .comprising", is used in an -f^ B 

sense, ie. to specify the presence of the stated features 
Z not to preclude tbe presence or addition of further 
features in various embodiments of the invention. 

, s since modifications within the spirit and scope of the 
" invention may readily be effected by persons skilled 

within the art, it is to be understood tbat this invention 
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U not li^ed to tbe particular e*booi»ent described by 
way of example hereinabove. 
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Claims 

x a fuel delivery system for an engine including: 

a liquid injector for receiving liquid gas and 
for ejecting liquid gas in liquid form to the cylinders of 

an engine; means f<>r preventing vap orisation or bubbling of 
the liquid gas in the liquid injector so the liquid gas xs 
ejected from the injector in liquid form; 

collection means for collecting vaporised lxquxd 

gas; and ^ for delivering the collected 

liquid gas vapour to the cylinder of the engine. 

15 2 The system according to claim 1 wherein the 

system includes a controller for supplying injection 
pulses to the liquid injector and injection pulses to the 
hleed injector so that liquid gas in liquid form -* 
liquid gas in vapour form is supplied only when the xnlet 
valve of the cylinder is open and the exhaust valve of the 
cylinder is closed. 

3 The system according to claim 1 wherein the 

system includes liquid gas supply means for supplying 
liquid gas for ejection by the injector, the collection 
Lis comprises a debubbling chamber in which bubbled or 
vaporised liquid gas is collected, the injector bexng 
located in the chamber so that the collected vapour 
facilitates cooling of the injector, and a vapour supply 
line for supplying vapour from the chamber to the bleed 
injector. 

4 The system according to claim 1 wherein the bleed 

injector is sized and the injection pulses applied to the 
35 bleed injector are of such a length to control the amount 
~ of liquid gas in vapour form which is delivered from the 
bleed injector to the cylinder of the engine. 
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5. The system according to claim 1 wherein a bleed 
gas heater is provided for heating the vapour before the 
vapour is supplied to the bleed injector to ensure that 

5 the liquid gas supplied to the bleed injector is supplied 
in vapour form for ejection by the bleed injector. 

6. The system according to claim 5 wherein the bleed 
gas heater comprises a heater housing for receiving heated 

10 fluid, and a bleed line passing through the heater housing 
for delivering the vapour to the bleed injector. 

7 . The system according to claim 6 wherein the 
heated fluid comprises engine cooling water. 

15 

8. The system according to claim 2 wherein the 
controller comprises the engine control unit of the engine 
which produces injection pulses for delivery to both the 
liquid injector and the bleed injector in accordance with 

20 engine operating conditions. 

9. The system according to claim 8 wherein the pulse 
supplied to the bleed injector is the same width as the 
pulse supplied to the liquid injector. 

25 

10. The system according to claim 1 wherein the 
collecting means comprises cooling means for cooling the 
liquid injector to prevent bubbling or vaporisation of the 
liquid gas when in the injector. 

30 . 

11. The system according to claim 10 wherein the 
cooling means includes a housing in which the injector is 
supported, an inlet in the housing for receiving bubbled 
liquid gas, and for enabling the bubbled liquid gas to 

35 surround the injector in the housing to cool the injector 
to thereby maintain the liquid gas in the injector in a 
liquid state, outlet means from the housing for supplying 
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vapour from the housing to the bleed injector. 

12. The system according- to claim 11 wherein the 
bleed gas heater is arranged between the outlet means from 

5 the housing and the bleed injector. 

13. The system according to claim 11 wherein the 
housing includes a pressure regulator for regulating the 
pressure of the vapour in the housing. 

10 

14. The system according to claim 13 wherein the 
pressure regulator comprises a diaphragm, a valve element 
supported by the diaphragm for closing the inlet, and 
biasing means for biasing the diaphragm and the valve 

15 element towards a closed position, so that when pressure 
builds up within the housing, the diaphragm is forced 
against the bias of the biasing means to move the valve 
element into a closed position, and when pressure reduces 
in the housing, the biasing means biases the diaphragm to 

20 move the valve element to open the inlet. 

15. A fuel delivery system for delivering liquid gas 
to a cylinder of an engine, comprising: 

a housing; 

25 a chamber in the housing for receiving an 

injector which includes a lower opening for enabling 

liquid gas to be supplied to the injector for ejection 

from the injector; 

a liquid gas inlet communicating with a lower 
30 portion of the chamber for introducing liquid gas into the 

chamber adjacent the lower portion of the injector when 

the injector is installed in the chamber; 

an outlet from the chamber arranged in an upper 

portion of the chamber; and 
35 a pressure regulator for regulating the pressure 

of the vapour within the chamber. 
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16 The system according to claim 15 wherein the 

housing is in the form of a block and the chamber 
comprises a bore in the block. 



5 17 The system according to claim 15 wherein the 

pressure regulator regulates the pressure within the 
Camber so as to maintain the pressure within the chamber 
It about the pressure of supply of the liquid gas from a 
supply tank, and the pressure downstream of the pressure 
L0 regulator at a relatively low pressure compared to the 
pressure in the injector chamber. 

18 The system according to claim 17 wherein the 

pressure regulator has an outlet passage which passes 
15 ^ough the block in the form of a labyrintb to further 
facilitate cooling of the block, and therefore the 
xaaintenance of liquid gas in the block xn a lx«uxd state. 

19 The system according to claim 15 wherein the 

20 inxet comprises an inlet passage through the block the 

. _ ^ f41 i- ftr cav ity for receiving a 
inlet passage having a filter cavity *■ 

fl^er so L li*-ia »» P-S.S ^ the filter before 
delivery to the chamber. 

25 20. The system according to claim 17 wherein the 

pressure regulator comprises: 
a seat; 

a seal for seating on the seat; 

a piston for moving the seal to sit on the seat; 
3Q a first regulator chamber having a first 

diaphragm having a first area; 

a second regulator chamber having a second 
diaphragm having a second area greater than the first 

35 area; a communication passage for communicating the 

first chamber with the second chamber; and 

wherein when the pressure in the injector chamber 
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increases to a predetermined amount, the seal is forced 
away from the seat so vapour and bubble mixture can enter 
the first chamber and pass into the second chamber through 
the passage, and because of the differential area between 
5 the first diaphragm and the second diaphragm, when the 
pressure in the first and second chambers reaches a 
predetermined level, the force on the second diaphragm is 
greater than the force on the first diaphragm, thereby 
causing the first and second diaphragms to move to force 
10 the piston and therefore the seal against the seat to 
thereby regulate the pressure in the injector chamber. 

21. The system according to claim 20 wherein the 
first diaphragm is sandwiched between the piston and a 

15 retainer, the retainer and piston having a hole for 

receiving a screw, the second diaphragm being provided on 
a side of the retainer opposite the first diaphragm, and 
the communication passage comprising a bore through the 
piston and a bore through the screw. 

20 

22. The system according to claim 20 wherein the 
pressure regulator comprises: 

a seat; 

a plunger having a head, the head being locatable 
25 against the seat, the plunger further having a stem; 

a regulator chamber, a diaphragm forming a wall 
of the chamber; 

biasing means for biasing the diaphragm so as to 
push the plunger so the head is away from the seat; and 
3 0 wherein when pressure builds up in the injector 

chamber, the pressure within the injector chamber and 
regulator chamber forces the diaphragm away from the 
plunger against the bias of the biasing means so the 
plunger can be moved so the head seats on the seat. 

35 

23. The system according to claim 15 wherein the 

outlet communicates with the regulator chamber for 
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bleeding vapour and bubble mixture in the chamber out of 
the regulator chamber, so that when the pressure in the 
regulator chamber decreases, the biasing means biases the 
plunger away from the seat so the vapour and bubble 
mixture in the injector chamber can again enter the 
regulator chamber to force the diaphragm away from the 
plunger so the plunger can close to shut off the chamber 
to thereby regulate the pressure within the injector 
chamber • 

24. The system according to claim 23 wherein the 

diaphragm includes a boss for engaging the plunger. 

25* The system according to claim 22 wherein the 

15 biasing means comprises a spring and the spring is 
connected to a screw threaded stem so that the bias 
supplied by the spring can be adjusted by screw thread 
adjustment of the screw threaded stem. 

2 0 26. The system according to claim 22 wherein the 

pressure regulator regulates the pressure of the vapor 
within the chamber and also downstream of the regulator so 
that the pressure within the chamber is maintained at a 
relatively high pressure, and the pressure downstream of 

25 the regulator is at a relatively low pressure so that 
vapor and bubble mixture which enters the low pressure 
environment on the downstream side of the regulator can 
vaporise for delivery to the engine by a vapor bleed 
injector. 
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